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1. 

POWER CONVERTINGAPPARATUS 
INCLUDING HALF-BRIDGE INVERTERS 
CONNECTED BETWEEN POSITIVE AND 
NEGATIVE TERMINALS OF ADC POWER 

SUPPLY 

TECHNICAL FIELD 

The present invention relates to a power converting appa 
ratus for converting DC power into AC power and, more 
particularly, to a power converting apparatus for connecting a 
distributed power generation source, such as a solar battery, to 
a power system. 

BACKGROUND ART 

One conventional power converting apparatus is a below 
described power converting apparatus for Solar power gen 
eration which converts DC power fed from a solar battery into 
AC power with three-phase outputs and delivers this AC 
power to a three-phase power system of which one phase is 
grounded, the power converting apparatus being connected to 
the power system. This power converting apparatus includes 
an inverter circuit having two sets of series circuits, each 
including two Switching devices, wherein a plurality of 
capacitors for dividing a DC voltage are connected in series 
between DC input portions of the inverter circuit, one output 
line is taken out from a connecting point of the capacitors as 
one of the three-phase outputs, and two output lines are taken 
out from intermediate points of the individual sets of switch 
ing devices as the other two of the three-phase outputs to 
configure a half-bridge inverter circuit, and wherein the out 
put line taken out from the connecting point of the capacitors 
is connected to the aforementioned grounded phase. Further, 
a DC/DC converter is provided in a stage preceding the half 
bridge inverter circuit, and an output of the solar battery is 
connected to an input of the DC/DC converter. The half 
bridge inverter circuit convert the DC voltage into an AC 
voltage by switching operation (refer to Patent Document 1, 
for example). 

Patent Document 1: Japanese Laid-open Patent Applica 
tion No. 2001-103768 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

A solar battery does not have a high dielectric withstand 
Voltage so that there are limitations in increasing a maximum 
output Voltage. Also, an output Voltage of the Solar battery 
decreases if panel temperature of the same rises or an output 
current thereof increases. For this reason, the power convert 
ing apparatus shown in Patent Document 1 cited above is 
provided with the DC/DC converter to increase the voltage of 
the Solar battery up to a desired Voltage. This approach could 
create a problem that the apparatus would become large-sized 
and costly and loss due to the DC/DC converter would 
decrease efficiency of the power converting apparatus. 

Furthermore, since striplike waveforms produced from 
relatively high rectangular Voltages are output by the Switch 
ing operation of the half-bridge inverters, there occurs a large 
Switching loss which causes a decrease in the efficiency of the 
power converting apparatus. Also, since rectangular voltages 
output from the half-bridge inverters are smoothed, there is a 
need for a large-capacity filter, thus producing a problem that 
the structure of the apparatus increases in size. 
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2 
The present invention has been made to overcome the 

aforementioned problems. Accordingly, it is an object of the 
invention to provide a structure of a power converting appa 
ratus featuring a compact apparatus structure and low cost, as 
well as a high converting efficiency. 

Means for Solving the Problems 

A power converting apparatus according to the present 
invention includes plural sets of half-bridge inverters con 
nected between positive and negative terminals of a DC 
power Supply, each set of half-bridge inverters including two 
series-connected Switching devices, single-phase inverters 
connected in series with individual AC output lines of the 
plural sets of half-bridge inverters, and two series-connected 
capacitors for dividing a Voltage of the DC power Supply 
which is a DC input of the half-bridge inverters. Output 
terminals of the individual single-phase inverters are con 
nected to individual phases of a power system and an inter 
mediate point of the two series-connected capacitors is con 
nected to a neutral point of AC outputs from the plurality of 
single-phase inverters. Each of the half-bridge inverters is 
caused to output one pulse of Voltage of which pulsewidth is 
approximately a half cycle every half cycle of a system Volt 
age and the individual single-phase inverters are controlled by 
pulse-width modulation (PWM) control operation to makeup 
for a Voltage insufficiency from the system Voltage. 

Advantageous Effects of the Invention 

In the power converting apparatus of the present invention, 
the single-phase inverters are connected to the AC output 
lines of the half-bridge inverters so that the apparatus outputs 
combinations of output voltages of the half-bridge inverters 
and output Voltages of the respective single-phase inverters. 
For this reason, it is possible to decrease a DC input voltage of 
the half-bridge inverters, make a DC/DC converter which has 
conventionally been provided in a preceding stage unneces 
sary, make an apparatus structure compact and less costly and 
achieve improved converting efficiency. Also, since each of 
the half-bridge inverters is caused to output one pulse of 
voltage of which pulsewidth is approximately the half cycle 
every half cycle of a system Voltage and the individual single 
phase inverters are controlled by the PWM control operation 
to make up for the Voltage insufficiency from the system 
voltage, the PWM control operation is performed at a rela 
tively low Voltage, making it possible to reduce Switching loss 
as well as the capacity of each output filter. This serves to 
make the apparatus structure more compact and still less 
costly and achieve further improved converting efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram showing the configuration of a 
three-phase power converting apparatus according to a first 
embodiment of the present invention; 

FIG. 2 is a diagram of Voltage waveforms showing opera 
tion of the three-phase power converting apparatus according 
to the first embodiment of the present invention; 

FIG.3 is a diagram showing a relationship between Voltage 
of a Solar battery and a power burden born by single-phase 
inverters according to the first embodiment of the present 
invention; 

FIG. 4 is a circuit diagram showing the configuration of a 
three-phase power converting apparatus according to a sec 
ond embodiment of the present invention; 
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FIG. 5 is a diagram of Voltage waveforms showing opera 
tion of the three-phase power converting apparatus according 
to the second embodiment of the present invention; 

FIG. 6 is a diagram showing a relationship between Voltage 
of a Solar battery and a power burden born by single-phase 
inverters according to the first embodiment of the present 
invention; 

FIG. 7 is a circuit diagram showing the configuration of a 
three-phase power converting apparatus according to a varia 
tion of the second embodiment of the present invention: 

FIG. 8 is a diagram of Voltage waveforms showing opera 
tion of a three-phase power converting apparatus according to 
a third embodiment of the present invention; 

FIG. 9 is a characteristic diagram of the solar battery 
according to a fifth embodiment of the present invention; 

FIG. 10 is a circuit diagram showing the configuration of a 
three-phase power converting apparatus according to a sixth 
embodiment of the present invention; 

FIG. 11 is a circuit diagram showing the configuration of a 
DC/DC converter according to a seventh embodiment of the 
present invention; and 

FIG. 12 is a circuit diagram showing the configuration of a 
DC/DC converter according to a variation of the seventh 
embodiment of the present invention. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

First Embodiment 

A three-phase power converting apparatus serving as a 
power converting apparatus according to a first embodiment 
of the present invention is described with reference to the 
drawings hereinbelow. FIG. 1(a) is a circuit diagram showing 
the configuration of the three-phase power converting appa 
ratus according to the first embodiment of the present inven 
tion, and FIG. 1(b) is a partially enlarged diagram of FIG. 
1(a). 
As shown in the Figure, the three-phase power converting 

apparatus converts DC power fed from a solar battery 1 into 
AC power and outputs the AC power to a three-phase power 
system 2. In this case, the power system 2 has a Y-connected 
configuration of which neutral point is grounded. The three 
phase power convertingapparatus is provided with an inverter 
circuit 3 including three sets of half-bridge inverters 4a-4c, 
each of which is made up of two series-connected Switching 
devices, and single-phase inverters 5a-5c which are con 
nected in series with individual AC output lines of the three 
sets of half-bridge inverters 4a-4c, respectively. 
The three sets of half-bridge inverters 4a-4c are connected 

between positive and negative terminals from which a Voltage 
generated by the Solar battery panel 1 is output, so that the 
half-bridge inverters 4a-4c utilize the output voltage of the 
solar battery 1 as a DC input. Also, two capacitors 6a, 6b for 
dividing the DC voltage are connected in series across this DC 
input portion. There are provided filter circuits 7 each of 
which is made up of a reactor- and a capacitoratan outputside 
of the individual single-phase inverters 5a-5c, and output 
terminals of the single-phase inverters 5a-5c are connected to 
respective phases of the power system 2 through the filter 
circuits 7. 

Also, a connecting point of the filter circuits 7 of the indi 
vidual phases corresponding to the neutral point of three 
phase AC outputs from the three-phase power converting 
apparatus is connected to a connecting point of the two 
capacitors 6a, 6b. Since this arrangement serves to keep the 
potential of the solar battery 1 from fluctuating with respect to 
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4 
a ground, charging and discharging currents to and from a 
stray capacitance 9 between the panel of the solar battery 1 
and the ground are Suppressed. 

Each of the single-phase inverters 5a-5c is provided with a 
full-bridge inverter 51 made up of four switching devices and 
a capacitor 52 which serves as a DC portion for maintaining 
a voltage as shown in FIG.1(b). Output voltages of the single 
phase inverters 5a-5c of the individual phases are added to 
output voltages of the half-bridge inverters 4a-4c of the rel 
evant phases, and Voltages obtained by adding the output 
voltages of the half-bridge inverters 4a-4c and the output 
Voltages of the single-phase inverters 5a-5c, respectively, are 
output to the power system 2. Incidentally, the Voltage of the 
capacitor 52 of each of the single-phase inverters 5a-5c is 
made lower than the voltage of the DC portion of the half 
bridge inverters 4a-4c, that is, the output Voltage of the Solar 
battery 1. 

Further, the capacitors 52 of the individual single-phase 
inverters 5a-5c and the two capacitors 6a, 6b connected 
across the DC input portion of the half-bridge inverters 4a-4c 
are connected through a DC/DC converter 8 which permits 
bidirectional energy exchange. 

Operation of the three-phase power converting apparatus 
thus configured is described below with reference to operat 
ing Voltage waveforms shown in FIG. 2. 

Each of the half-bridge inverters 4a-4c generates Voltages 
of both polarities centering on Zero level at half-cycle inter 
vals, in which a width between the voltages of both polarities 
(i.e., a difference between the positive and negative Voltages) 
matches the level of the voltage of the solar battery 1, that is, 
a DC input voltage which is 260V in this case. The individual 
single-phase inverters 5a-5c are controlled by high-frequency 
PWM control operation in such a manner as to make up for 
differences between an output Voltage (system Voltage) 
required by the entirety of three-phase power converting 
apparatus and the output voltages of the respective half 
bridge inverters 4a-4c. 
As shown in the Figure, each of the single-phase inverters 

5a-5c generates a Voltage of a polarity opposite to the output 
Voltage in regions where the phase is close to 0 degrees and 
180 degrees, whereas each of the single-phase inverters 5a-5c 
outputs a Voltage of the same polarity as the output Voltage in 
a region where the phase is close to 90 degrees. 
The power system 2 has the Y-connected configuration of 

which neutral point of the three phases is grounded in this 
case. If the system voltage (line-to-line voltage) is 200VAC, 
a maximum Voltage value of a phase Voltage becomes 
approximately 163 V and a peak-to-peak value between the 
maximum and minimum Voltage values of the phase Voltage 
is larger than the voltage of the solar battery 1. Since the 
three-phase power converting apparatus which is required to 
produce an output Voltage equivalent to the system Voltage 
outputs the Voltages obtained by adding the output Voltages of 
the half-bridge inverters 4a-4c and the output voltages of the 
single-phase inverters 5a-5c, respectively, the three-phase 
power converting apparatus can output a Voltage higher than 
the Voltage of the solar battery 1 which is the DC input voltage 
of the half-bridge inverters 4a-4c. 
As seen above, a high Voltage can be output with no need 

for a Voltage boosting circuit which has conventionally been 
provided in a preceding stage of the three-phase power con 
Verting apparatus in this embodiment. It is therefore possible 
to make the apparatus structure compact and less costly and 
achieve improved converting efficiency. 

Also, since each of the half-bridge inverters 4a-4c is oper 
ated to output one pulse per half cycle, almost no Switching 
loss occurs. Since a DC voltage Supplied to the single-phase 
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inverters 5a-5c which is controlled by the PWM control 
operation at a high frequency is set at a smaller value com 
pared to the DC voltage supplied to the half-bridge inverters 
4a-4c, it is possible to reduce Switching loss caused by the 
PWM control operation. Furthermore, since the amplitude of 
rectangular voltages produced by the PWM control operation 
is small, it is possible to reduce the capacity of each filter 
circuit 7 provided in a Succeeding stage. For this reason, it is 
possible to further improve the converting efficiency and 
make the apparatus structure more compact and still less 
costly. 

Next, a power burden born by the single-phase inverters 
5a-5c is explained in the following. Each of the single-phase 
inverters 5a-5c generates the voltage of the polarity opposite 
to the output voltage in the regions where the phase is close to 
0 degrees and 180 degrees, whereas each of the single-phase 
inverters 5a-5c outputs the voltage of the same polarity as the 
output voltage in the region where the phase is close to 90 
degrees as mentioned above. 

In the case of control operation in which the phase of an 
output current is matched with the phase of the output Voltage 
(operation at a power factor of 1), each of the single-phase 
inverters 5a-5c is operated to charge the capacitor 52 in the 
regions where the phase is close to 0 degrees and 180 degrees 
and, on the contrary, each of the single-phase inverters 5a-5c 
discharges the capacitor 52 in the region where the phase is 
close to 90 degrees. 

If the output Voltage of the three-phase power converting 
apparatus is 200VAC and the DC voltage of the half-bridge 
inverters 4a-4c (i.e. the voltage of the solar battery 1) is 260 
VDC, the amounts of electric power supplied to and 
demanded by the single-phase inverters 5a-5c are balanced 
during a half cycle and, thus, become approximately Zero as 
a whole. When the DC voltage of the half-bridge inverters 
4a-4c varies, however, the amounts of electric power Supplied 
to and demanded every half cycle by the single-phase invert 
ers 5a-5c which are controlled by the PWM control operation 
to make up for an insufficiency of the output Voltages of the 
half-bridge inverters 4a-4c go out of balance. As a conse 
quence, it becomes necessary to Supply positive and negative 
quantities of electric power to the capacitors 52 of the single 
phase inverters 5a-5c. Nevertheless, since the DC/DC con 
verter 8 is connected between the two capacitors 6a, 6b which 
constitute the DC portion of the half-bridge inverters 4a-4c 
and the capacitors 52 which constitute a DC portion of the 
single-phase inverters 5a-5c, it is possible to exchange nec 
essary electric power between the capacitors 6a, 6b and the 
capacitors 52. 
Shown in FIG. 3 is a relationship between the DC voltage 

of the half-bridge inverters 4a-4c, or the voltage of the solar 
battery 1, and electric power (power burden) handled by the 
single-phase inverters 5a-5c, or the electric power handled by 
the DC/DC converter 8 under conditions where the output 
Voltage of the three-phase power converting apparatus is 200 
VAC. 
When the voltage of the solar battery 1 is 260 V (point A in 

the Figure), the total amount of electric power Supplied to and 
demanded by the single-phase inverters 5a-5c every half 
cycle is approximately Zero, that is, the power burden is 
approximately 0 as discussed above. If the solar battery volt 
age rises from this point A, the single-phase inverters 5a-5c 
receive electric power on average. If the Solar battery Voltage 
drops from this point A, on the other hand, the single-phase 
inverters 5a-5c supply electric power on average. 

Under steady-state conditions, the voltage of the solar bat 
tery 1 is determined chiefly by temperature, that is, the higher 
the temperature, the Voltage drops, and the lower the tempera 
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6 
ture, the Voltage increases. When temperature variations are 
taken into consideration, the amount of variations in the out 
put Voltage falls within a range of approximately it 10%, so 
that electric power required at present by the single-phase 
inverters 5a-5c is to be exchanged through the DC/DC con 
verter 8. 
As shown in FIG. 3, the amount of variations in the output 

voltage of the solar battery 1 falls within the range of approxi 
mately +10%, so that the electric power handled by the single 
phase inverters 5a-5c also becomes approximately +10% of 
output power. Specifically, since the electric power handled 
by the DC/DC converter 8 is approximately +10% of total 
electric power, the DC/DC converter 8 is of a compact size 
and low cost and, thus, a loss produced by the DC/DC con 
verter 8 has little influence which is of a negligible level. 
As seen above, the DC/DC converter 8 is connected 

between the two capacitors 6a, 6b which constitute the DC 
portion of the half-bridge inverters 4a-4c and the capacitors 
52 which constitute the DC portion of the single-phase invert 
ers 5a-5c in this embodiment so that the necessary electric 
power can be exchanged between the capacitors 6a, 6b and 
the capacitors 52. It is therefore possible to stabilize the DC 
voltage of the single-phase inverters 5a-5c and output a stable 
AC voltage to the power system 2 regardless of variations in 
the output voltage of the solar battery 1. Also, since the 
DC/DC converter 8 is of a compact size and low cost and the 
influence of the loss thereof is almost negligible, the provi 
sion of the DC/DC converter 8 does not produce adverse 
effects on the entirety of three-phase power converting appa 
ratus. Accordingly, the converting efficiency is improved and 
the apparatus structure which has been made even more com 
pact and still less costly makes it possible to obtain a stable 
output with higher reliability as discussed above. 

Second Embodiment 

While the power system 2 has the Y-connected configura 
tion of which neutral point is grounded in the foregoing 
embodiment, a second embodiment of the present invention 
described hereunder is a case in which electric power is 
Supplied from a three-phase power converting apparatus to a 
power system 2a having a delta-connected configuration of 
which one phase is grounded. 

FIG. 4 is a circuit diagram showing the configuration of the 
three-phase power converting apparatus according to the sec 
ond embodiment of the present invention. As shown in the 
Figure, the three-phase power converting apparatus is pro 
vided with an inverter circuit 3a including three sets each of 
half-bridge inverters 4a-4c and single-phase inverters 5a-5c, 
two series-connected capacitors 6a, 6b, filter circuits 7 and a 
DC/DC converter 8 which are the same as the foregoing first 
embodiment. In this case, however, an intermediate point of 
the two series-connected capacitors 6a, 6b is connected to a 
connecting point of the filter circuits 7 of individual phases 
and this intermediate point is connected to a grounded R 
phase of the power system 2a. 

Since aV phase of the inverter circuit3a is connected to the 
grounded R phase of the power system 2a, it is necessary that 
an output potential of the Vphase be kept at the same potential 
as the ground. Accordingly, neither the half-bridge inverter 4b 
nor the single-phase inverter 5b in a Succeeding stage thereof 
performs operation for generating a Voltage and, thus, indi 
vidual switching devices are kept substantially in an OFF 
state. This means that the three-phase power converting appa 
ratus Supplies electric power to the power system 2a by using 
the half-bridge inverters 4a, 4c of U- and W-phases and the 
single-phase inverters 5a, 5c in Succeeding stages thereof. In 
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this case, it is necessary to generate an AC Voltage having an 
amplitude of 200/V2V between the grounded R phase and 
each of S and T phases. Also, to ensure that currents and 
Voltages of the power system 2a match in phase, phases of 
output currents of the half-bridge inverters 4a, 4c are 
advanced by 30 degrees from those of the output voltages of 
the half-bridge inverters 4a, 4c. 

Since the potential of a solar battery 1 is kept from fluctu 
ating with respect to the ground in this case too as in the first 
embodiment, charging and discharging currents to and from a 
stray capacitance 9 between the panel of the solar battery 1 
and the ground are reduced. The single-phase inverters 5a-5c 
also have the same configuration as in the first embodiment, 
and the voltage of the capacitor 52 of each of the single-phase 
inverters 5a-5c is made lower than the voltage of the DC 
portion of the half-bridge inverters 4a-4c, that is, the output 
voltage of the solar battery 1. 

Operation of the three-phase power converting apparatus 
thus configured is described below with reference to operat 
ing voltage waveforms shown in FIG. 5. 
The two sets of half-bridge inverters 4a, 4c generate volt 

ages of both polarities centering on Zero level at half-cycle 
intervals, in which a width between the voltages of both 
polarities (i.e., a difference between the positive and negative 
voltages) matches the level of the voltage of the solar battery 
1, that is, a DC input voltage which is 400 V in this case. The 
single-phase inverters 5a, 5c are controlled by the high-fre 
quency PWM control operation in Such a manner as to make 
up for differences between an output Voltage (system Voltage) 
required by the entirety of three-phase power converting 
apparatus and the output voltages of the respective half 
bridge inverters 4a, 4c. 
As shown in the Figure, each of the single-phase inverters 

5a, 5c generates a Voltage of a polarity opposite to the output 
Voltage in regions where the phase is close to 0 degrees and 
180 degrees, whereas each of the single-phase inverters 5a, 5c 
outputs a Voltage of the same polarity as the output Voltage in 
a region where the phase is close to 90 degrees. 
The power system 2a has the delta-connected configura 

tion of which R phase is grounded in this case. If the system 
voltage is 200 VAC, a maximum voltage value becomes 
approximately 282 V and a peak-to-peak value between the 
maximum and minimum Voltage values is larger than the 
voltage of the solar battery 1. Since the three-phase power 
converting apparatus which is required to produce an output 
Voltage equivalent to the system Voltage outputs Voltages 
obtained by adding the output voltages of the half-bridge 
inverters 4a, 4c and the output Voltages of the single-phase 
inverters 5a, 5c, respectively, the three-phase power convert 
ing apparatus can output a Voltage higher than the Voltage of 
the solar battery 1 which is the DC input voltage of the 
half-bridge inverters 4a, 4c. 
When connecting the three-phase power converting appa 

ratus to a power system having a delta-connected configura 
tion of which one phase is grounded, it has conventionally 
been required to set a DC input voltage of half-bridge invert 
ers at 600 V or above. However, a solar battery does not have 
a high dielectric withstand Voltage so that it is a common 
practice to set a maximum output voltage of 600 V or less. 
Also, if panel temperature of the solar battery rises or an 
output current thereof increases, an output voltage of the 
battery further decreases. Therefore, a voltage at which maxi 
mum electric power can be taken-out is approximately 
between 400 V and 500 V. For this reason, the conventional 
three-phase power converting apparatus has been provided 
with a Voltage boosting circuit in a preceding stage as previ 
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8 
ously mentioned to increase the DC input voltage of the 
half-bridge inverters to 600 V or above. 

In this embodiment, a high Voltage can be output with no 
need for the Voltage boosting circuit, so that it is possible to 
make the apparatus structure compact and less costly and 
achieve improved converting efficiency. 

Also, since each of the half-bridge inverters 4a, 4c is oper 
ated to output one pulse per half cycle, almost no Switching 
loss occurs. Since a DC voltage Supplied to the single-phase 
inverters 5a, 5c which is controlled by the PWM control 
operation at a high frequency is set at a smaller value com 
pared to the DC voltage supplied to the half-bridge inverters 
4a, 4c, it is possible to reduce Switching loss caused by the 
PWM control operation. Furthermore, since the amplitude of 
rectangular voltages produced by the PWM control operation 
is small, it is possible to reduce the capacity of each filter 
circuit 7 provided in a Succeeding stage. For this reason, it is 
possible to further improve the converting efficiency and 
make the apparatus structure more compact and still less 
costly. 

Next, a power burdenborn by the single-phase inverters 5a, 
5c is explained in the following. Each of the single-phase 
inverters 5a-5c generates the voltage of the polarity opposite 
to the output voltage in the regions where the phase is close to 
0 degrees and 180 degrees, whereas each of the single-phase 
inverters 5a-5c outputs the voltage of the same polarity as the 
output voltage in the region where the phase is close to 90 
degrees as mentioned above. 

Since the phases of the output currents are advanced by 30 
degrees from those of the output Voltages in this case, each of 
the single-phase inverters 5a, 5c is operated to discharge the 
capacitor 52 approximately from 0 degrees to 30 degrees and 
approximately from 55 degrees to 145 degrees in a range of 
phase of 0 to it and each of the single-phase inverters 5a, 5c 
charges the capacitor 52 in other than this range as shown in 
FIG.S. 

If the output Voltage of the three-phase power converting 
apparatus is 200VAC and the DC voltage of the half-bridge 
inverters 4a-4c (i.e. the voltage of the solar battery 1) is 450 
VDC, for example, the amounts of electric power supplied to 
and demanded by the single-phase inverters 5a, 5c are bal 
anced during a half cycle and, thus, become approximately 
Zero as a whole. When the DC voltage of the half-bridge 
inverters 4a, 4c varies, however, the amounts of electric 
power supplied to and demanded every half cycle by the 
single-phase inverters 5a, 5c which are controlled by the 
PWM control operation to make up for an insufficiency of the 
output Voltages of the half-bridge inverters 4a, 4c go out of 
balance. As a consequence, it becomes necessary to Supply 
positive and negative quantities of electric power to the 
capacitors 52 of the single-phase inverters 5a, 5c. Neverthe 
less, because the DC/DC converter 8 is connected between 
the two capacitors 6a, 6b which constitute the DC portion of 
the half-bridge inverters 4a, 4c and the capacitors 52 which 
constitute a DC portion of the single-phase inverters 5a, 5c, it 
is possible to exchange necessary electric power between the 
capacitors 6a, 6b and the capacitors 52. 
Shown in FIG. 6 is a relationship between the DC voltage 

of the half-bridge inverters 4a, 4c, or the voltage of the solar 
battery 1, and electric power (power burden) handled by the 
single-phase inverters 5a, 5c, or the electric power handled by 
the DC/DC converter 8 under conditions where the output 
Voltage of the three-phase power converting apparatus is 200 
VAC. It is to be noted that FIG. 6 shows a characteristic of the 
foregoing first embodiment shown in FIG.3 as well for the 
sake of comparison. 
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When the voltage of the solar battery 1 is 450 V (point B in 
the Figure), the total amount of electric power Supplied to and 
demanded by the single-phase inverters 5a, 5c every half 
cycle is approximately Zero, that is, the power burden is 
approximately 0 as discussed above. It the solar battery volt 
age rises from this point B, the single-phase inverters 5a, 5c 
receive electric power on average. If the Solar battery Voltage 
drops from this point B, on the other hand, the single-phase 
inverters 5a, 5c Supply electric power on average. 
When temperature variations are taken into consideration, 

the amount of variations in the output Voltage of the Solar 
battery 1 falls within a range of approximately +10%, so that 
electric power required at present by the single-phase invert 
ers 5a-5c is to be exchanged through the DC/DC converter 8. 
As shown in FIG. 6, the amount of variations in the output 

voltage of the solar battery 1 falls within the range of approxi 
mately +10%, so that the electric power handled by the single 
phase inverters 5a, 5c also becomes approximately +10% of 
output power. Specifically, since the electric power-handled 
by the DC/DC converter 8 is approximately +10% of total 
electric power, the DC/DC converter 8 is of a compact size 
and low cost and, thus, a loss produced by the DC/DC con 
verter 8 has little influence which is of a negligible level. 
As seen above, the DC/DC converter 8 is connected 

between the two capacitors 6a, 6b which constitute the DC 
portion of the half-bridge inverters 4a-4c and the capacitors 
52 which constitute the DC portion of the single-phase invert 
ers 5a-5c in this embodiment as well so that the necessary 
electric power can be exchanged between the capacitors 6a, 
6b and the capacitors 52. Although only the single-phase 
inverters 5a, 5c among the three single-phase inverters 5a-5c 
perform operation for generating Voltages in this case, it is 
possible to stabilize the DC voltage of the single-phase invert 
ers 5a, 5c and output a stable AC voltage to the power system 
2a by exchanging the electric power through the DC/DC 
converter 8 regardless of variations in the output Voltage of 
the solar battery 1. Also, since the DC/DC converter 8 is of a 
compact size and low cost and the influence of the loss thereof 
is almost negligible, the provision of the DC/DC converter 8 
does not produce adverse effects on the entirety of three 
phase power converting apparatus. Accordingly, the convert 
ing efficiency is improved and the apparatus structure which 
has been made even more compact and still less costly makes 
it possible to obtain a stable output with higher reliability as 
discussed above. 

While the half-bridge inverter 4b and the single-phase 
inverter 5b of the V phase are controlled not to perform the 
operation for generating Voltages in this second embodiment 
using the inverter circuit 3a including the same three sets each 
of half-bridge inverters 4a-4c and single-phase inverters 
5a-5c as in the first embodiment, the three-phase power con 
Verting apparatus may be modified to use an inverter circuit 
3b including two sets each of half-bridge inverters 4a, 4c and 
single-phase inverters 5a, 5c as shown in FIG. 7. In this case, 
filter circuits 7a are provided at an output side of the single 
phase inverters 5a, 5c for two phases, and the intermediate 
point of the two series-connected capacitors 6a, 6b is con 
nected to a connecting point of the filter circuits 7a of indi 
vidual phases that corresponds to a neutral point of AC out 
puts from the single-phase inverters 5a, 5c and to the 
grounded R phase of the power system 2a. Operation in this 
case is also the same as in the above-described second 
embodiment. 

Third Embodiment 

The foregoing second embodiment is configured such that 
each of the half-bridge inverters 4a, 4c is operated to output 
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10 
one pulse perhalf cycle, that is, to output one pulse of Voltage 
of which pulsewidth corresponds to a half cycle. The single 
phase inverters 5a, 5c are required to output voltage differ 
ences between the output voltage of the three-phase power 
converting apparatus and the output Voltages of the respective 
half-bridge inverters 4a, 4c and the level of each of the output 
voltages of the half-bridge inverters 4a, 4c is one half the DC 
voltage of the half-bridge inverters 4a, 4c. Therefore, the level 
of each of the output Voltages of the single-phase inverters 5a, 
5c also becomes equal to one half the DC voltage of the 
half-bridge inverters 4a, 4c at a point X where the output 
Voltage of the three-phase power converting apparatus is Zero 
(refer to FIG. 5). When the voltage of the solar battery 1 rises 
and the DC voltage of the half-bridge inverters 4a, 4c 
increases, the Voltages of the single-phase inverters 5a, 5c 
also increase at the same time. Therefore, it is necessary to 
design the three-phase power converting apparatus such that 
a high DC voltage is Supplied to the single-phase inverters 5a, 
Sc. 

Described below in this third embodiment based on oper 
ating voltage waveforms shown in FIG. 8 is a case in which 
the half-bridge inverters 4a, 4c operate in a different way in 
the vicinity of each Zero point of the system Voltage. Inciden 
tally, the three-phase power converting apparatus has the 
same circuit configuration as in the foregoing second embodi 
ment. 

As shown in FIG. 8, the two sets of half-bridge inverters 4a, 
4c generate Voltages of both polarities centering on Zero level. 
in which a width between the voltages of both polarities (i.e., 
a difference between the positive and negative Voltages) 
matches the level of the voltage of the solar battery 1, that is, 
a DC input voltage which is 400 V in this case. Here, each of 
the half-bridge inverters 4a, 4c is controlled by the PWM 
control operation during each period in the vicinity of the 
point X at which the system Voltage is Zero and is caused to 
output one pulse of Voltage having a pulsewidth correspond 
ing to each period in other than the period of the PWM control 
operation every half cycle of the system Voltage. Specifically, 
each of the half-bridge inverters 4a, 4c is caused to output one 
pulse of voltage of which pulsewidth is approximately a half 
cycle and is controlled by the PWM control operation only in 
the vicinity of the point X. Then, each of the single-phase 
inverters 5a, 5c is controlled by the PWM control operation to 
make up for a Voltage insufficiency from the aforementioned 
system Voltage. 

If the level of each of the output voltages of the half-bridge 
inverters 4a, 4c is lowered by controlling the half-bridge 
inverters 4a, 4c by the PWM control operation in the vicinity 
of each point X as mentioned above, it is possible to lower the 
level of each of the output voltages of the single-phase invert 
erS5a, 5c as well. Consequently, it is not necessary to design 
the three-phase power converting apparatus such that a high 
DC voltage is supplied to the single-phase inverters 5a, 5c. 
This makes it possible to prevent a cost increase. Also, since 
the half-bridge inverters 4a, 4c are operated by the PWM 
control operation only in the vicinity of each point X, an 
increase in Switching loss is so little that a resultant influence 
to the efficiency of the three-phase power converting appara 
tus is negligible. Also, since the DC voltage Supplied to the 
single-phase inverters 5a, 5c can be reduced, it is possible to 
choose devices which operate at a low Voltage. This serves to 
reduce losses occurring during ON periods of the devices, 
thereby increasing the efficiency of the three-phase power 
converting apparatus. 

Incidentally, the period in which the half-bridge inverters 
4a, 4c are operated by the PWM control operation is set at a 
period covering a range of phase oft30 degrees from each 
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point X at which the system voltage is zero. If this period 
exceeds the t30-degree range, the number of Switching of 
each of the half-bridge inverters 4a, 4c becomes so large that 
the Switching loss increases, resulting in a reduction in effi 
ciency. 

Also, although a peak-to-peak value between the maxi 
mum and minimum Voltage values of the system Voltage is 
larger than the voltage of the solar battery 1 in this embodi 
ment as in the foregoing second embodiment, it is possible to 
output a Voltage higher than the Voltage of the Solar battery 1 
with no need for a Voltage boosting circuit. It is also possible 
to reduce the capacity of each filter circuit 7 provided in a 
Succeeding stage. This serves to make the apparatus structure 
compact and less costly and achieve improved converting 
efficiency. 

While the foregoing discussion of the present embodiment 
has illustrated a case in which electric power is supplied from 
the three-phase power converting apparatus to the power sys 
tem 2a having the delta-connected configuration of which 
one phase is grounded, the embodiment is also applicable to 
a case in which the three-phase power converting apparatus 
Supplies electric power to the power system 2 having the 
Y-connected configuration of which neutral point is grounded 
as illustrated in the first embodiment. In essence, by operating 
the three sets of half-bridge inverters 4a-4c by the PWM 
control operation in each period in the vicinity of the point X 
at which the system voltage is zero, it is possible to lower the 
level of each of the output voltages of the single-phase invert 
ers 5a-5c in the vicinity of the point X and thus lower the DC 
Voltage Supplied to the single-phase inverters 5a-5c. 

Fourth Embodiment 

While the foregoing third embodiment has illustrated an 
arrangement in which the half-bridge inverters 4a, 4c are 
operated by the PWM control operation in the vicinity of each 
Zero point of the system Voltage, a three-phase power con 
Verting apparatus selects one of two kinds of control modes 
and uses the selected control mode in the present embodi 
ment. 
As regards control operation of the three-phase power con 

Verting apparatus, a mode of operation performed in the same 
way as in the foregoing second embodiment is referred to as 
a first control mode and a mode of operation performed in the 
same way as in the foregoing third embodiment is referred to 
as a second control mode. Specifically, in the first control 
mode, each of the half-bridge inverters 4a, 4c is caused to 
output one pulse of Voltage of which pulsewidth corresponds 
to a half cycle every half cycle of the system Voltage, and each 
of the single-phase inverters 5a, 5c is controlled by the PWM 
control operation to make up for a Voltage insufficiency from 
the system Voltage. Then, in the second control mode, each of 
the half-bridge inverters 4a, 4c is controlled by the PWM 
control operation during each period in the vicinity of the 
point at which the system Voltage is Zero and is caused to 
output one pulse of Voltage having a pulsewidth correspond 
ing to each period in other than the period of the PWM control 
operation every half cycle of the system Voltage, and each of 
the single-phase inverters 5a, 5c is controlled by the PWM 
control operation to make up for the Voltage insufficiency 
from the system Voltage. Here again, the period in which each 
of the half-bridge inverters 4a, 4c is operated by the PWM 
control operation is set at the period covering the range of 
phase of +30 degrees from each point X at which the system 
Voltage is Zero. 

Provided with such two kinds of control modes and means 
for Switching these control modes, the three-phase power 
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12 
converting apparatus selects the first control mode if the out 
put voltage of the Solar battery 1 is equal to or lower than a 
specific Voltage, and selects the second control mode if the 
output voltage of the solar battery 1 exceeds the specific 
Voltage. The specific Voltage used as a threshold value for 
control mode Switching is set at a level lower than a value 
twice as high as the DC voltage Supplied to the single-phase 
inverters 5a, 5c. 

Since the level of each of the output voltages of the half 
bridge inverters 4a, 4c is always equal to one half the DC 
voltage of the half-bridge inverters 4a, 4c in the first control 
mode, the level of each of the output voltages of the single 
phase inverters 5a, 5c also becomes equal to one half the DC 
voltage of the half-bridge inverters 4a, 4c (refer to FIG. 5). 
When the output voltage of the solar battery 1 increases and 
one half the DC voltage of the half-bridge inverters 4a, 4c 
exceeds the output Voltages of the single-phase inverters 5a, 
5c in this first control mode, it becomes impossible for each of 
the single-phase inverters 5a, 5c to output a Voltage for mak 
ing up for the Voltage insufficiency from the system Voltage 
during each period in the vicinity of the point at which the 
system Voltage is Zero. 

Here, when the output voltage of the solar battery 1 exceeds 
the specific voltage before the output voltage of the solar 
battery 1 matches the value twice as high as the DC voltage 
supplied to the single-phase inverters 5a, 5c, the three-phase 
power converting apparatus is Switched to the second control 
mode. This means that the control mode is switched before 
one half the DC voltage supplied to the half-bridge inverters 
4a, 4c matches the DC voltage Supplied to the single-phase 
inverters 5a, 5c, and each of the half-bridge inverters 4a, 4c is 
controlled by the PWM control operation in each period in the 
vicinity of the point at which the system voltage is zero. This 
makes it possible to lower the level of each of the output 
voltages of the half-bridge inverters 4a, 4c as well as the level 
of each of the output Voltages of the single-phase inverters 5a, 
5c. For this reason, it is possible to control the single-phase 
inverters 5a, 5c for making up for the voltage insufficiency 
from the system Voltage with high accuracy. 
As thus far discussed, the three-phase power converting 

apparatus is switched between the two kinds of control modes 
and the half-bridge inverters 4a, 4c are controlled by the 
PWM control operation where necessary in the present 
embodiment. It is therefore possible to realize power convert 
ing operation with greater efficiency. 
The present embodiment is also applicable to a case in 

which the three-phase power converting apparatus Supplies 
electric power to the power system 2 having the Y-connected 
configuration of which neutral point is grounded as illustrated 
in the foregoing first embodiment, yet obtaining the same 
advantageous effects. 

Fifth Embodiment 

In a case where the three-phase power converting apparatus 
Supplies electric power to the power system 2a having the 
delta-connected configuration of which one phase is 
grounded, the total amount of electric power Supplied to and 
demanded by the single-phase inverters 5a, 5c every half 
cycle is approximately Zero when the Voltage of the Solar 
battery 1 is at point B as shown in FIG. 6, in which point C 
indicates a state where the output voltage is decreased by 10% 
due to an increase in temperature and point Dindicates a state 
where the output voltage is increased by 10% due to a 
decrease in temperature. As previously mentioned, a range of 
variations in the output voltage of the solar battery 1 is 
approximately +10%, that is, within a range from the point C 
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to the point B and from the point B to the point D. Described 
below with reference to operating characteristics of the solar 
battery 1 shown in FIG. 9 is how voltages of the solar battery 
1 at the individual points are set. 
A rated voltage of the solar battery 1 is defined in such a 

manner that a point of the rated voltage of the solar battery 1 
matches the point B, or the power burden born by the single 
phase inverters 5a, 5c every half cycle becomes approxi 
mately Zero under nominal output conditions at a medium 
temperature of the solar battery 1. The three-phase power 
converting apparatus is designed Such that an operating point 
of the Solar battery 1 in a maximum power state under high 
temperature conditions where the temperature of the solar 
battery 1 has increased matches the point D and an operating 
point of the Solar battery 1 in a maximum power State under 
low temperature conditions where the temperature of the 
battery has decreased matches the point C. 

With this arrangement, the electric power handled by the 
DC/DC converter 8 which is connected between the two 
capacitors 6a, 6b constituting the DC portion of the half 
bridge inverters 4a, 4c and the capacitors 52 constituting the 
DC portion of the single-phase inverters 5a, 5c for bidirec 
tionally transferring the electric power becomes Zero under 
nominal output conditions of the solar battery 1. It is therefore 
possible to prevent a reduction in efficiency due to losses 
caused by the DC/DC converter 8. As a result, it is possible to 
realize a three-phase power converting apparatus featuring 
high efficiency. 

Incidentally, if the control mode is switched when the 
output voltage of the solar battery 1 becomes higher than the 
voltage at the point D and the half-bridge inverters 4a, 4c are 
operated by the PWM control operation during each period in 
the vicinity of the point at which the system voltage is zero by 
applying the foregoing fourth embodiment, it is possible to 
prevent an increase in the DC Voltage required by the single 
phase inverters 5a, 5c. 

If it is desired to lower the DC voltage supplied to the 
single-phase inverters 5a, 5c, the half-bridge inverters 4a, 4c 
are to be operated by the PWM control operation in a voltage 
range lower higher than the Voltage at the point D as well. 
The embodiment is similarly applicable to a case where the 

three-phase power converting apparatus Supplies electric 
power to the power system 2 having the Y-connected configu 
ration of which neutral point is grounded. Specifically, it is 
possible to prevent a reduction in efficiency due to losses 
caused by the DC/DC converter 8 by defining the rated volt 
age of the solar battery 1 such that the power burden born by 
the single-phase inverters 5a-5c every half cycle becomes 
approximately Zero under the nominal output conditions of 
the solar battery 1. 

Sixth Embodiment 

The foregoing first embodiment illustrated the three-phase 
power converting apparatus connected to the power system 2 
having the Y-connected configuration of which neutral point 
is grounded and the foregoing second embodiment illustrated 
the three-phase power converting apparatus connected to the 
power system 2a having the delta-connected configuration of 
which one phase is grounded. Described in this embodiment 
is a three-phase power converting apparatus which is appli 
cable to either of the two kinds of power systems 2, 2a with 
connections of one apparatus made changeable. 

FIGS. 10(a) and 10(b) are circuit diagrams showing the 
configuration of the three-phase power converting apparatus 
according to a sixth embodiment of the present invention, 
FIG. 10(a) representing a case in which the three-phase 
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14 
power converting apparatus is connected to the power system 
2 having the Y-connected configuration of which neutral point 
is grounded and FIG. 10(b) representing a case in which the 
three-phase power converting apparatus is connected to the 
power system 2a having the delta-connected configuration of 
which one phase is grounded. 
As shown in FIG. 10(a), the three-phase power converting 

apparatus is provided with an inverter circuit 3c including 
three sets of half-bridge inverters 4a-4c, each of which is 
made up of two series-connected Switching devices, and 
single-phase inverters 5a-5c which are connected in series 
with individual AC output lines of the three sets of half-bridge 
inverters 4a-4c, respectively, the single-phase inverters 5a-5c 
including a plurality of series-connected single-phase invert 
ers 5a, a plurality of series-connected single-phase inverters 
5b and a plurality of series-connected single-phase inverters 
5c. In this case, series circuits of two each of the single-phase 
inverters 5a, 5b and5c each constitute a single-phase inverter 
of one phase, and output terminals of these single-phase 
inverters are connected to respective phases of the power 
system 2. Designated by 6a, 6b and 7 are the same elements 
as shown in FIG. 1. Although not illustrated, a DC/DC con 
verter 8 is provided between the two capacitors 6a, 6b and a 
DC portion of the single-phase inverters 5a-5c to allow bidi 
rectional exchange of electric power. Also, a connecting point 
of the filter circuits 7 of the individual phases corresponding 
to the neutral point of three-phase AC outputs is connected to 
a connecting point of the two capacitors 6a, 6b. 
When connecting the three-phase power converting appa 

ratus thus configured to the power system 2a having the 
delta-connected configuration of which one phase is 
grounded as shown in FIG. 10(b), the single-phase inverters 
5b connected to the grounded phase (R phase) of the power 
system 2a are disconnected from the R phase separated from 
each other and the same number each of the single-phase 
inverter(s) 5b is connected to each of the other two phases, or 
the S phase and the T phase. Here, since two each of the 
single-phase inverters 5a, 5b and 5c are connected to each 
phase in FIG. 10(a), three each of the single-phase inverters 
5a and 5c are connected to each of the S phase and the Tphase 
in FIG.10(b). As a result, there is obtained an inverter circuit 
3d including two sets of half-bridge inverters 4a, 4c, each of 
which is made up of the two series-connected Switching 
devices, and the single-phase inverters 5a, 5c which are con 
nected in series with the individual AC output lines of the two 
sets of half-bridge inverters 4a, 4c, respectively. In this case, 
series circuits of the three each single-phase inverters 5a and 
5c each constitute a single-phase inverter of one phase, and 
output terminals of these single-phase inverters are connected 
to the ungrounded S and T phases of the power system 2. 
Then, the connecting point of the two capacitors 6a, 6b which 
has been connected to the connecting point of the filter cir 
cuits 7 of the individual phases is also connected to the 
grounded phase (R phase) of the power system 2a. 
The single three-phase power convertingapparatus is made 

configurable in two kinds of connecting states shown in 
FIGS. 10(a) and 10(b) by changing the connections as dis 
cussed above. This makes it possible to apply the single 
three-phase power converting apparatus to the differently 
configured power systems 2 and 2a So that the apparatus can 
be widely applied, thereby contributing to a cost reduction. 
Also, it is possible to obtain the same advantageous effects as 
the foregoing first to fifth embodiments by additionally 
applying the individual embodiments. 

While the output voltage of the solar battery 1 is used as the 
DC input Voltage of the three-phase power converting appa 
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ratus in each of the foregoing embodiments, a Voltage fed 
from other DC power sources may be used as the DC input 
Voltage. 

Seventh Embodiment 

FIG.11(a) is a diagram showing an example of a DC/DC 
converter 8 adapted to the configuration of the three-phase 
power converting apparatus according to the foregoing sixth 
embodiment. As shown in the Figure, the DC/DC converter 8 
connected between the two capacitors 6a, 6b and capacitors 
52 which constitute DC portions of two each per phase of 
single-phase inverters 5a, 5b and 5c to allow bidirectional 
exchange of electric power is configured with one trans 
former 8a, full-bridge inverters 8b provided on a side of the 
two capacitors 6a, 6b and full-bridge inverters 8c provided on 
a side of the six capacitors 52. FIGS. 11(b) and 10(c) show the 
configurations of the full-bridge inverters 8b, 8c, respectively. 
Currents flow in two opposite directions according to the 
levels of voltages generated by the individual full-bridge 
inverters 8b, 8c on an AC side (transformer side), and voltages 
of which values are proportional to a ratio of the numbers of 
turns of the transformer 8a are obtained from the individual 
DC portions. Therefore, voltages of the capacitors 6a, 6b 
divided in halves for the DC portions of the half-bridge invert 
ers 4a-4c also become proportional to the ratio of the numbers 
of turns of the transformer 8a. Thus, if the numbers of turns of 
two windings on the side of the capacitors 6a, 6b are matched 
with each other, a Voltage at a junction point is stabilized at a 
middle point of the DC voltages of the half-bridge inverters 
4a-4c. 

Incidentally, the DC/DC converter 8 may be configured as 
shown in FIG. 12(a) or 12(b). In FIG. 12(a), a transformer 8d 
is divided into two parts. Since the transformer 8d is simpli 
fied in this configuration, it is possible to achieve a cost 
reduction. Also, in FIG. 12(b), outputs of the full-bridge 
inverters 8b on the side of the capacitors 6a, 6b are connected 
to both of two transformers 8e. Therefore, if the numbers of 
turns of the two windings on the side of the capacitors 6a, 6b 
are matched with each other, the Voltage at the junction point 
is stabilized at the middle point of the DC voltage of the 
half-bridge inverters 4a-4c. Also, since the transformers 8e 
are simplified in this configuration, it is possible to achieve a 
cost reduction. 

INDUSTRIAL APPLICABILITY 

The invention can be applied to a system interconnection 
apparatus like a power conditioner for connecting a distrib 
uted power generation source to a power system. 

The invention claimed is: 
1. A power converting apparatus comprising: 
two sets of half-bridge inverters connected between posi 

tive and negative terminals of a DC power Supply, each 
set of half-bridge inverters including two series-con 
nected Switching devices; 

single-phase inverters connected in series with individual 
AC output lines of said two sets of half-bridge inverters: 
and 

two series-connected capacitors for dividing a Voltage of 
said DC power supply which is a DC input of said 
half-bridge inverters, wherein, 

output terminals of said individual single-phase inverters 
are connected to two ungrounded phases of a three 
phase power system of which one phase is grounded, an 
intermediate point of said two series-connected capaci 
tors is connected to a neutral point of AC outputs from 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
said single-phase inverters of said two phases, and the 
intermediate point is connected to the one grounded 
phases of said power system, and 

each of said half-bridge inverters is caused to output volt 
age pulses of which frequency is same to that of a system 
Voltage and said individual single-phase inverters are 
controlled by PWM control operation to make up for a 
Voltage insufficiency from the system Voltage. 

2. The power converting apparatus as recited in claim 1 
wherein each of said half-bridge inverters is controlled by the 
PWM control operation during each period in the vicinity of 
a point at which the system Voltage is Zero and is caused to 
output one pulse of Voltage having a pulsewidth correspond 
ing to each period in other than the period of the PWM control 
operation every half cycle of the system Voltage. 

3. The power converting apparatus as recited in claim 1 
wherein said power converting apparatus includes: 

a first control mode in which each of said half-bridge 
inverters is caused to output one pulse of Voltage of 
which pulsewidth corresponds to the half cycle every 
half cycle of the system voltage and said individual 
single-phase inverters are controlled by the PWM con 
trol operation to make up for the Voltage insufficiency 
from the system Voltage; 

a second control mode in which each of said half-bridge 
inverters is caused to output one pulse of Voltage and is 
controlled by PWM control operation in regions of both 
edges of the pulse every half cycle of the system Voltage, 
and said individual single-phase inverters are controlled 
by the PWM control operation to make up for the voltage 
insufficiency from the system Voltage; and 

means for selecting the first control mode if the voltage of 
said DC power Supply is equal to or lower than a specific 
Voltage, and selecting the second control mode if the 
Voltage of said DC power Supply exceeds the specific 
Voltage. 

4. The power converting apparatus as recited in claim 3 
wherein the specific voltage is set at a level lower than a value 
twice as high as a DC input Voltage of said single-phase 
inverters. 

5. The power converting apparatus as recited in claim 1 
wherein the voltage of said DC power supply is lower than a 
peak-to-peak value between maximum and minimum values 
of a phase Voltage of said power system. 

6. The power converting apparatus as recited in claim 1 
wherein said DC power supply is a solar battery. 

7. The power converting apparatus as recited in claim 6 
wherein a rated voltage of said solar battery is defined in such 
a manner that a power burden born by said single-phase 
inverters every half cycle of the system voltage becomes zero 
at a point of the rated Voltage of said solar battery. 

8. The power converting apparatus as recited in claim 1 
further comprising: 

a DC/DC converter between an input DC portion of said 
individual single-phase inverters and said two series 
connected capacitors for bidirectionally transferring 
electric power. 

9. A power converting apparatus comprising: 
three sets of half-bridge inverters connected between posi 

tive and negative terminals of a DC power Supply, each 
set of half-bridge inverters including two series-con 
nected Switching devices; 

plural sets of single-phase inverters connected in series 
with individual AC output lines of said three sets of 
half-bridge inverters, each set of single-phase inverters 
including a plurality of series-connected single-phase 
inverters; 
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first connecting means for connecting the output terminals 
of said individual single-phase inverters to individual 
phases of a three-phase power system; and 

second connecting means for disconnecting said plurality 
of single-phase inverters of one phase from the relevant 
phase and connecting the same number of single-phase 
inverters to the AC output lines of the other two phases, 
and connecting the individual AC output lines of the two 
phases to two phases of a three-phase power system 
other than one phase thereof which is grounded, wherein 

said power converting apparatus is configured to permit 
Switching from said first connecting means to said sec 
ond connecting means, each of said half-bridge inverters 
is caused to output Voltage pulses of which frequency is 
same to that of a system Voltage, and said individual 
single-phase inverters are controlled by PWM control 
operation to makeup for a Voltage insufficiency from the 
system Voltage. 

10. The power converting apparatus as recited in claim 9 
wherein each of said half-bridge inverters is controlled by the 
PWM control operation during each period in the vicinity of 
a point at which the system Voltage is Zero and is caused to 
output one pulse of Voltage having a pulsewidth correspond 
ing to each period in other than the period of the PWM control 
operation every half cycle of the system Voltage. 

11. The power converting apparatus as recited in claim 9 
wherein said power converting apparatus includes: 

a first control mode in which each of said half-bridge 
inverters is caused to output one pulse of Voltage of 
which pulsewidth corresponds to the half cycle every 
half cycle of the system voltage and said individual 
single-phase inverters are controlled by the PWM con 
trol operation to make up for the Voltage insufficiency 
from the system Voltage; 

a second control mode in which each of said half-bridge 
inverters is caused to output one pulse of Voltage and is 
controlled by PWM control operation in regions of both 
edges of the pulse every half cycle of the system Voltage, 
and said individual single-phase inverters are controlled 
by the PWM control operation to make up for the voltage 
insufficiency from the system Voltage; and 

means for selecting the first control mode if the voltage of 
said DC power Supply is equal to or lower than a specific 
Voltage, and selecting the second control mode if the 
Voltage of said DC power Supply exceeds the specific 
Voltage. 

12. The power converting apparatus as recited in claim 11 
wherein the specific voltage is set at a level lower than a value 
twice as high as a DC input Voltage of said single-phase 
inverters. 

13. The power converting apparatus as recited in claim 9 
wherein the voltage of said DC power supply is lower than a 
peak-to-peak value between maximum and minimum values 
of a phase Voltage of said power system. 

14. The power converting apparatus as recited in claim 9 
wherein said DC power supply is a solar battery. 

15. The power converting apparatus as recited in claim 14 
wherein a rated voltage of said solar battery is defined in such 
a manner that a power burden born by said single-phase 
inverters every half cycle of the system voltage becomes zero 
at a point of the rated Voltage of said solar battery. 
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16. The power converting apparatus as recited in claim 9 

further comprising: 
two series-connected capacitors for dividing a Voltage of 

said DC power supply which is a DC input of said 
half-bridge inverters; and 

a DC/DC converter between an input DC portion of said 
individual single-phase inverters and said two series 
connected capacitors for bidirectionally transferring 
electric power. 

17. A power converting apparatus comprising: 
plural sets of half-bridge inverters connected between posi 

tive and negative terminals of a DC power Supply, each 
set of half-bridge inverters including two series-con 
nected Switching devices; and 

single-phase inverters connected in series with individual 
AC output lines of said plural sets of half-bridge invert 
ers, wherein, 

each of said half-bridge inverters is caused to output one 
pulse of voltage and is controlled by PWM control 
operation in regions of both edges of the pulse every half 
cycle of a system Voltage, and said individual single 
phase inverters are controlled by PWM control opera 
tion to make up for a Voltage insufficiency from the 
system Voltage, and 

each of said half-bridge inverters is controlled by the PWM 
control operation during each period in the vicinity of a 
point at which the system Voltage is Zero and is caused to 
output the one pulse of Voltage having a pulsewidth 
corresponding to each period in other than the period of 
the PWM control operation every half cycle of the sys 
tem Voltage. 

18. The power converting apparatus as recited in claim 17 
wherein said power converting apparatus includes: 

a first control mode in which each of said half-bridge 
inverters is caused to output one pulse of Voltage of 
which pulsewidth corresponds to the half cycle every 
half cycle of the system voltage and said individual 
single-phase inverters are controlled by the PWM con 
trol operation to make up for the Voltage insufficiency 
from the system Voltage; 

a second control mode in which each of said half-bridge 
inverters is caused to output one pulse of Voltage and is 
controlled by PWM control operation-in regions of both 
edges of the pulse every half cycle of the system Voltage, 
and said individual single-phase inverters are controlled 
by the PWM control operation to make up for the voltage 
insufficiency from the system Voltage; and 

means for selecting the first control mode if the voltage of 
said DC power Supply is equal to or lower than a specific 
Voltage, and selecting the second control mode if the 
Voltage of said DC power Supply exceeds the specific 
Voltage. 

19. The power converting apparatus as recited in claim 18 
wherein the specific voltage is set at a level lower than a value 
twice as high as a DC input Voltage of said single-phase 
inverters. 

20. The power converting apparatus as recited in claim 17 
wherein the voltage of said DC power supply is lower than a 
peak-to-peak value between maximum and minimum values 
of a phase Voltage of said power system. 
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21. The power converting apparatus as recited in claim 17 
wherein said DC power supply is a solar battery. 

22. The power converting apparatus as recited in claim 21 
wherein a rated voltage of said solar battery is defined in such 
a manner that a power burden born by said single-phase 
inverters every half cycle of the system voltage becomes zero 
at a point of the rated Voltage of said solar battery. 

23. The power converting apparatus as recited in claim 17 
further comprising: 

20 
two series-connected capacitors for dividing a Voltage of 

said DC power supply which is a DC input of said 
half-bridge inverters; and 

a DC/DC converter between an input DC portion of said 
individual single-phase inverters and said two series 
connected capacitors for bidirectionally transferring 
electric power. 


